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ABSTRACT
This paper examines the impact of the perception of bicycle infrastructure on the choice of the
bicycle as a feeder mode to access train stations in the Netherlands. The latent factors act in add-
ition to traditional travel time and cost variables, describing the quality of cycling infrastructure at
and around railway stations. The analysis is based on a large scale revealed and stated preference
survey in the wider metropolitan area of The Hague and Rotterdam (n¼ 1524). Hybrid choice
models for access feeder mode choice were estimated, where the attitude toward cycling to
affected the users’ perception of the cycling infrastructure, which in turn affected the utility of
cycling. The results show that both the quality of cycling infrastructure and latent factors, describ-
ing the perceived quality of cycling infrastructure, station connectivity and the general attitude
toward cycling, have a significant impact on cycling to the station. The effect of the travel time
and cost characteristics on access mode choice significantly changes depending on the perception
of the quality of the infrastructure, as well as the attitude toward cycling and frequency of train
use. Bicycle parking cost and distance to the platform is the most critical observed factor influenc-
ing bicycle access choice to the train stations.
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1. Introduction
The bicycle is a vital feeder mode for the train in several
developed countries, and it has contributed to shaping the
current travel behavior. In the Netherlands, around 45% of
train users use the bicycle as feeder mode (NS., 2019). In
Japan between 15% and 35% of all high-speed rail passen-
gers use the bicycle as feeder mode. Moreover, at some
regional train stations in Sweden, more than 50% of all pub-
lic transport users prefer the bicycle as the means to reach
their station (Martens, 2002).
However, there is little attention in the literature on the
role of the bicycle as feeder mode (Rietveld, 2000a & 2000b)
and on the impact of different types of measures to promote
the combined use of bicycle and public transport (Martens,
2007). Dill and Voros (2007) highlight that public transport
integration strategies and the placement and design of cycling
infrastructure may be used as a strategy to increase cycling in
those cases where conditions (like for example hill land) dis-
courage the choice of cycling. Pucher and Buehler (2009) pro-
vide an overview of cycle-transit integration in large American
and Canadian cities and highlights the need for more secure,
sheltered bicycle parking at rail stations and cycle-carrying cap-
acity on rail vehicles. Martens (2007) stated that Dutch meas-
ures to promote bicycle use in access trips, including upgraded
regular and secured bicycle parking, have been generally suc-
cessful and led to an increase in user satisfaction and a growth
in bicycles parked at stations. Measures to promote the use of
the bicycle in egress trips have met with more varying results.
Ji et al. (2017) found that rail commuters with bicycle theft
experience are more likely to use a public bicycle to access rail
transit. While, findings for the Latin-American context (De
Souza et al., 2017) and Asian cities (Zhao & Li, 2017) identify
distance as the most critical influence on cycling as transfer
mode to public transport. Particularly in the Netherlands,
recent research found that the combination bicycle-transit is
suitable for long commute trips (Shelat et al., 2018).
Several studies (see for example Aldred & Jungnickel,
2014; Chatterjee et al., 2013; Fernandez-Heredia et al., 2014;
Heinen et al., 2011; Mu~noz et al., 2016) have found that atti-
tudes and perceptions affect individual intention to use the
bicycle as main mode. Fuller et al. (2011) found that percep-
tion factors, such as proximity and convenience of the shar-
ing points affect the choice of bicycle-sharing systems. La
Paix Puello and Geurs (2015 and 2016a) accounted for atti-
tudes and perceptions specifically on bicycles to access the
train station, but they did not elaborate on the role of per-
ceptions and tested one latent effect at a time. However,
there might be a mutual relation between these two effects.
Reibstein et al. (1980) in a study about travel behavior,
found that positive perception of specific product attributes
influenced product usage only if coupled with two attitu-
dinal variables, beliefs, and affect. However, the direction of
the relationship between attitude and perception and their
relative importance to predict the intention is expected to
vary across behaviors and situations.
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Against this background, this paper aims to contribute to
the understanding of the role of the bicycle as a feeder
mode to train stations and its impact on travel behavior. In
particular, the paper focuses mainly on factors related to
bicycle infrastructure at and around the train stations, as
these are distinctive elements of cycling as feeder mode
compared to cycling as a primary transport mode. It also
focuses mainly on user perception of bicycle infrastructure,
because recent work showed that perceived measures of
access to cycling infrastructure have higher explanatory
power than objective accessibility (Braun et al., 2016) and
positive perceptions of the availability of cycle lanes are
associated with more cycling (Dill & Voros, 2007). Our
hypotheses on the latent factors are that (1) the latent per-
ception of the connectivity of the train station and the qual-
ity of infrastructure directly affects the choice of cycling as
feeder mode beside the observed quality of the infrastructure
and connectivity of the train stations while (2) the latent
attitude toward cycling affects the users’ perception.
Whereas several papers in the literature studied the import-
ance of attitudes and perceptions for choosing the bicycle as
a main mode, this paper focuses on bicycle as feeder mode.
Although some papers analyzed the combination of transit-
bicycle mode (e.g., Shelat et al., 2018), but those studies did
not (explicitly) analyze mode choice effects.
It is challenging to identify causality between attitudes
and behavior. However, the (possible) causal relation from
(specific) behavior to (specific) attitude is stronger than the
opposite effect (Kroesen & Chorus, 2018). In our case, the
evaluation of the bicycle infrastructures at train stations
measures individuals’ perception toward specific product
attributes, while the latent attitude measures a more general
predisposition toward cycling. Because of the different levels
of these latent effects, we expect that, if there is an inter-
action, the direction of the causality should be that a posi-
tive attitude toward cycling, in general, has a positive impact
in the perception of specific product attributes.
Using data from a Stated Preference experiment specific-
ally built to measure the impact of the quality of pedestrian
access to the train station and quality of cycling access, we
estimate hybrid choice models including the above three
latent effects simultaneously. Other studies have included
both observed and unobserved factors have on the choice of
cycling as the main mode but have addressed specific sam-
ple targets, like students and employees of the university
(Motoaki & Daziano, 2015) or teenagers (Kamargianni &
Polydoropoulou, 2013). Maldonado-Hinarejos et al. (2014)
used a more general sample but focused on the latent effect
of pro-bicycle, image, context and stress, did not distinguish
attitudes and perceptions and used a sequential model esti-
mation to cope with identification issues. Sottile et al. (2019)
used a more general sample and estimated a joint model
that allowed them to identify two out of the three latent
effects tested, but they focused on the perceptions of the
bicycle as a means of transport and bike-ability in terms of
usefulness and safety, not specifically on the bicycle infra-
structure. Hybrid choice models are well-established models
used to simultaneously represent attitudes and their effect
on mode choice, particularly but not limited to cyclists
(Glerum et al., 2014; Hurtubia et al., 2014; Mu~noz et al.,
2016). Hybrid choice models allow to represent individual
attitudes expressed in terms of socio-demographic character-
istics, as well as their impact on the discrete choice directly
or indirectly via the impact on the individual preferences for
specific characteristics of the modes (Paulssen et al.
(2014). Ok
The remaining of this paper is structured as follows.
Section 2 describes the data collection. Section 3 presents
the model formulation used, and Section 4 the model
results. Section 5 summarizes the conclusions.
2. Data description
The data used in this paper comes from a dedicated survey
on access and egress mode choice to train stations. The sta-
tion set comprises railway stations in the metropolitan area
of The Hague and Rotterdam. The survey includes revealed
preference (RP) and stated preference (SP) data as well as a
set of questions related to individual’s attitudes and percep-
tion of access/egress to the train stations by bicycle.
Respondents were recruited via a panel of respondents by
TNS-NIPO, a commercial panel1. Based on screening ques-
tions, the sample is representative of Dutch travelers by pub-
lic transport and private modes2 and included frequent users
(if they travel by train and use the same train station not
less than three times3 per week), infrequent user (if they
Figure 1. The geographical location of the study area.
1Although our sample is representative of the population in terms of socio-
economic and transport characteristics, there is still a risk of self-selection in
commercial panels that may affect individuals’ preferences and attitudes.
However, commercial panels in the Netherland are particularly significant, and
Dutch people are used to participating in surveys. This fact does not entirely
rule out the possibility of self-selection but gives us some confidence that the
self-selection bias should not be a significant problem in our case.
2Respondents were classified into users and non-users of the train station
depending on whether they have used the train or not in their most recent
trip, for either work and non-work related purpose. Those who in the RP
survey declared that in their most recent trip used the train were labelled as
‘users’. Those who did not use the train in their most recent trip were labelled
as ‘non-users’.
3Three times per week is the threshold used in the Customer Satisfaction
Surveys of Dutch Railways (NS). For comparison purposes and future policy
recommendations, it was found useful to keep the same scale.
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travel less than three times per week and occasional user
(one train trip per year or less). In particular, compared to
the characteristics of the population of travelers by train in
the wider Rotterdam – The Hague area (obtained from a
Customer Satisfaction Survey conducted by the Netherland
Railways in 2011) our sample is representative in terms of
age, gender, access and egress mode to train station, and
work and business purpose. The categories used in the sur-
vey follow the Customer Satisfaction Surveys of Dutch
Railways (NS) for the frequency of traveling by train.
According to this, six options were included in our survey
as: 4 times per week or more; 1 or 3 times per week; 1 or 3
times per month; 6 to 11 times per year; 1 to 5 times per
year; 6. Less than once per year. Due to the small dimension
of some categories, we merged these categories into
3 groups.
The survey was conducted online, between mid-summer
and early autumn of 2013. All respondents completed all
three parts of the survey. A sample of 1815 was contacted
among people living in the extended metropolitan area of
The Hague and Rotterdam. The response rate was quite
high, equal to 84%, which gave a final sample of 1524
respondents. The catchment area of the railway station was
limited to 5 km. Figure 1 shows the study area, where
respondents were recruited according to the residence and
work location in the corridor from Leiden to Dordrecht.
The study area is one of the most densely populated areas
of the Netherlands. In recruiting the sample, we ensured
that it was representative in terms of socioeconomic and
level of service characteristics but also in terms of distribu-
tion in the area of interest. For this purpose, 41 stations
were included into this study that is representative of the six
types of departure stations defined by Netherlands Railways:
i.e., small (i.e., Barendrecht), medium (i.e., Leiden, Delft, and
Rotterdam Alexander) and large-sized stations (i.e., The
Hague, Rotterdam).
2.1. Survey and data collection
The RP survey was used as input to customize the SP
experiment and included questions related to the last trip
made, such as trip purpose, origin, and destination, trans-
port mode, trip duration, departure station and arrival, fre-
quency of using the station, frequency of using the train. In
case the mode used was the train, access and egress modes
were also recorded. Besides, socioeconomic characteristics
were collected, such as gender, age, car availability as driver
and bicycle availability for the surveyed trip.
The SP survey consisted of six choice scenarios among
four modes that could be used to access the train stations:
BTM (Bus, Tram, Metro), Car passenger, Bicycle, and Walk.
The options: ‘I would find another way to access the station’
and ‘I would not use the train’ were also given as opt-out
alternatives in the SP choice task. The attributes presented
in the experiment were: operational and parking cost, travel
time; quality of pedestrian access to the train station (meas-
ured in terms of minutes of delay at traffic lights on the
route); and quality of cycling access (measured in terms of
minutes of delay4 due to interruptions on the route and
walking time from the bicycle parking to the platform). All
these attributes measure characteristics of both station envir-
onment and cycling infrastructure. A fractional factorial
design was used (Louviere et al., 2000). After removing
Figure 2. Example of the choice task for the access mode choice experiment4 (translated from Dutch).
4Travel time and delay were two separated variables because typically delays
are perceived more negatively than regular travel time. We were interested in
measuring this specific effect without this alternative is superior to the model
that includes it. The Log-likelihood per observation is 0.702 for the model
without the alternative and 0.759 for the model with the alternative.
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unrealistic and dominant alternatives, choice tasks were div-
ided into blocks, and each respondent completed twelve
cards. Six cards pertained to access and the remaining six
cards to egress. Figure 2 reports an example of the choice
task presented to respondents.
The SP experiment was presented to all respondents of
the RP questionnaire. This included those who did travel by
train in the most recent trip (labelled as users) and those
who traveled by another mode (labelled as non-users). The
(current) users were asked to consider the station of depart-
ure that they declared in the RP survey and to choose
among the alternative modes to get to the station. Non-users
(in the most recent trip) were asked first to select the most
likely departure station in case of a train journey, and then
they were presented with the SP experiment and asked to
choose among alternative modes to reach that station. Also,
respondents completed the evaluation of the access route to
the hypothetical departure station. More details about the
experiment design can be found in La Paix Puello and
Geurs (2016b).
The data collected were carefully checked, and a final set
of 8,192 pseudo-observations was retained for estimation.
This sample does not include the alternative ‘I would find
another way to access the station’ Because it was chosen in
less than 3% of the cases and almost 50%, of this 3% chose
‘I would find another way to access the station’ in all six
choice scenarios presented. We also excluded cases where
information was incomplete. Table 1 reports a summary of
the essential characteristics of the final sample used to esti-
mate the models. A comparison between the sample and
population is reported in the Appendix. From Table 1, we
can see that the majority of the respondents (64% of the
sample) are train-users as primary mode and trips are made
mostly for work (35%) and recreational (17%) purpose).
2.2. Latent factors
The survey consisted of 31 statements related to individuals’
attitudes and perceptions toward using the bicycle as a
feeder mode to train. Individuals’ evaluation score to the
statements was expressed by using a 10-point Likert scale
(from 1 ‘it cannot be worse,’ to 10 ‘excellent’), and an add-
itional option of ‘do not know.’ The statements covered
issues related to the perception of the quality of the cycling
infrastructure (9 items), perception of connectivity of the
train stations (9 items), perception of the safety of the
Table 1. Characteristics of the sample.
RP characteristics Total %
Socioeconomic characteristics Age (average) 35
Maximum age 88
Travel mode Car passenger 506 6.2%
Car driver 1576 19.2%
Train 5260 64.2%
BTM 265 3.2%
Bicycle 358 4.4%
Other 227 2.8%
Frequency of the trip > 4 per week 1797 21.9%
1-3 per week 1118 13.6%
1-3 per month 683 8.3%
6-11 per year 757 9.2%
1-5 per year 2502 30.5%
< 1 per year 1335 16.3%
Trip purpose Work 2906 35.5%
Business 352 4.3%
Personal 199 2.4%
Shopping 820 10.0%
School 168 2.1%
Visiting 1257 15.3%
Recreational 1400 17.1%
Other 1090 13.3%
Mode to access the train station Car passenger 435 8.3%
Car driver 534 10.2%
BTM 1654 31.4%
Bicycle 1367 26.0%
Walk 1224 14.9%
Other 46 0.6%
Frequency to access the train
station (only train users)
> 4 per week 979 18.5%
1-3 per week 808 15.2%
1-3 per month 601 11.3%
6-11 per year 924 17.5%
1-5 per year 1682 31.8%
< 1 per year 266 5.1%
Type of station Type 1: very large station in the city center 1869 22.8%
Type 2: Large station in a medium-sized city 2229 27.2%
Type 3: Suburban station with a transfer function 1060 12.9%
Type 4: Medium-size station in the center of a small town or village 988 12.1%
Type 5: Suburban station without a transfer function 1458 17.8%
Type 6: Station in a small town or village 292 3.6%
Not assigned type or not in the list 296 3.6%
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cycling infrastructure (5 items) and general propensity to
love cycling (8 items). For this paper, we will focus on the
following three variables: (i) perception of the quality of
cycling infrastructure (LV_infra), (ii) perception of the level
of connectivity of the train station (LV_acc) and (iii) general
attitude toward cycling (LV_att).
In particular, in our case, the two perceptions refer to the
way specific infrastructure is perceived, while the attitude
refers to a general evaluation of cycling, which is not related
to the specific perception of the cycling infrastructure.
Table 2 shows the factor loadings for the latent variables
and the 11 statements that define them5. The number of fac-
tors and variables is selected based on the communalities (i.e.,
the extent to which a variable explains behavior), factor scores
(i.e., the level of contribution of one variable to each factor)
and percentage of variance explained. Factor Analysis and the
Varimax rotation method was used to extracts the underlying
factors. As indicated in Table 2, a cutoff equal to 0.66, which
allowed clustering the statements into three groups.
3. Modeling framework
The model structure used in this paper is a hybrid choice
model (Ben-Akiva et al., 2002). Two parts form this model:
(1) the mixed logit model, which is rooted in the microeco-
nomic theory, and it is used to model the discrete choice.
(2) The latent variable model that is rooted in the psycho-
logical theory, and it is used to account for the latent effect
of attitudes and perceptions. Differently, from the majority
of the hybrid choice models in the literature, we assumed
that attitudes toward cycling do not directly influence the
utility of cycling, but it affects the users’ perception of the
cycling infrastructure, which in turn affects the utility of
cycling. Let be Uqjt the utility that individual q (q 2 Q)
associates to alternative mode j (j 2 Cqj) in the choice task t
(t 2 T). As previously mentioned, the choice set Cqj in our
model includes four modes to access the train station (MTB,
walk, bicycle and car), plus an opt-out alternative that con-
sists in not using the train. The utility specification Uqjt
takes the following general form:
Uqjt ¼ ASCj þ hjXqjtþbjSq þ kjLVq þ b0jX0qjtS0q þ gqj þ eqjt
(1)
Where X is the vector of the observed (station/cycling
infrastructure) characteristics of the train station (namely
the attributes presented in the SP experiment), S is a vector
of sociodemographic characteristics related to the respond-
ent q and h,b are the respective vectors of coefficients. LV is
a vector of latent variables that measure the respondent’s
perceptions and attitudes. Also, k is their effect on the utility
of the feeder mode to access the train station. ASC is a full
set of alternative specific constants, g an error term distrib-
uted Normal (0, rg) that accounts for correlation among
observations of the same individual and e an error term
identically and independently distributed extreme value type
1. The discrete choice model in equation (1) is an error
component model with systematic heterogeneity in the pref-
erences. The model specification also allows for the marginal
utility of the (infrastructure) observed characteristics of the
train station to vary as a function of the sociodemographic
characteristics (being b0 the coefficient).
Moreover, it allows respondents’ perception of the cycling
infrastructures to be a function of their general attitude
toward cycling. In particular, the vector LV includes two
latent variables that measure respondents’ perception of the
quality of cycling infrastructure (LVinfra), which affects the
utility of bicycle, and level of connectivity of the train sta-
tion (LVconn,), which is included in the alternative no-train
because it differentiates all the feeder-train alternatives from
the no-train alternative. These latent variables are specified
as follows:
LVconnq ¼ aconn þ dconnAconnq þ xconnq ¼ LV
_ conn
q þ xconnq
Table 2. Factor loadings for the latent variables.
Statements
Latent Variables identification
Perception of cycling
infrastructure
Perception of train
station connectivity
The general attitude
toward cycling
Perceived connectivity of the departure railway station: useful connection
with other public transport modes
0.264 0.925 0.066
The useful connection between trains at the departure train station 0.360 0.858 0.038
Number of places that can be reached from this station 0.081 0.951 0.043
Station liveliness (e.g., stores, cafes and restaurants at the train stationa 0.510 0.610 0.143
Infrastructure for cycling (bicycle lane, path, shoulders) is uninterrupted
and consistent whole, connecting the cyclist point-to-point
0.857 0.284 0.145
The directness of the cycling route (e.g., traffic lights in route, which
influence the waiting time at intersections)
0.923 0.220 0.119
Availability of bicycle parking facilities at the train station 0.787 0.412 0.201
Safety of bicycle lanes: separated, lighted and avoid dangerous junctions 0.830 0.101 0.046
The bicycle is more environmentally friendly than other modes 0.278 0.099 0.879
Cycling to the railway station is faster than walking 0.183 0.100 0.933
Cycling to the railway station is relaxing for me 0.028 0.047 0.849
aStation liveliness represent the attractiveness of the station. However, a station that offers opportunities to perform activities (e.g., shopping and recreational)
helps in connecting travelers with the activities they need to perform, as these activities can be performed at the train station itself.
5Not all statements were relevant to perform the factor analysis with these
three factors.
6The cluster would still be valid even if we would have used a lower cut-off,
such as 0.4 used in most of the literature. In that case, two statements would
have shared some communality with both latent perceptions
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Table 3. Results Model Estimation.
Discrete Choice
Model (DCM)
ML HCM
Value Robust t-test Value Robust t-test
ASC – BTM 0.869 1.160 2.750 2.040
ASC - Car Pax 3.700 7.070 0.468 0.550
ASC - Walk 3.330 5.770 7.060 6.560
ASC - No Train 8.090 7.060 6.310 2.050
Parking Cost - Bicycle 2.040 16.620 1.980 15.860
Cost - BTM 0.567 5.220 0.536 5.130
Travel time - BTM 0.219 7.910 0.207 5.200
Travel time - Car Pax 0.174 5.430 0.173 5.040
Travel time - Bicycle 0.259 5.450 0.262 4.600
Walking time - Walk 0.391 12.720 0.403 10.270
Recreational purpose 0.043 2.770 0.052 2.370
2min walking delay at a traffic light - Walk 1.050 5.980 0.960 5.760
5min walking delay at a traffic light - Walk 0.595 2.470 0.484 2.110
2min walking delay from bicycle parking to the platform - Bicycle 0.192 0.940 0.167 0.800
5min walking delay from bicycle parking to the platform - Bicycle 1.210 8.990 1.240 8.990
5min cycling delay due to interruptions - Bicycle 0.640 2.100 0.543 1.610
Frequent users
Parking Cost - Bicycle 3.820 4.210 1.610 4.650
5min walking delay at traffic light - Walk 1.870 3.980 1.030 2.660
5min cycling delay due to interruptions - Bicycle 1.830 3.520 3.150 4.800
2min walking delay from bicycle parking to the platform - Bicycle 1.140 2.910 1.570 3.950
Travel time - Bicycle 0.353 4.560 0.289 5.530
Walking time - Walk 0.093 4.170 0.094 4.070
Non-train users (in the most recent trip)
2min walking delay at a traffic light - Walk 0.988 2.650 0.841 2.380
5min cycling delay due to interruptions - Bicycle 1.780 4.300 1.680 3.620
2min walking delay from bicycle parking to the platform - Bicycle 1.020 3.680 0.974 3.340
Travel time - Bicycle 0.141 4.430 0.126 2.780
Walking time - Walk 0.070 3.760 0.075 3.420
Train Usersa (in the most recent trip)
Inertia Train – No Train 12.800 8.940 11.200 5.110
Latent Variables
Perception of Bicycle infrastructures (LVinfra) 0.577 4.270
Perception of train station connectivity (LVconn) 1.490 3.700
Error components for panel correlation
Bicycle 2.650 5.100 2.850 8.300
BTM 6.030 10.840 5.190 7.250
Car Pax 4.260 12.930 3.190 8.990
Walk 2.600 7.000 2.730 8.830
No Train 10.600 9.490 10.700 7.120
Latent Variable Model (LV)
HCM
Structural equations Value Robust t-test
LV – Perception of cycling infrastructure (LVinfra)
Age > 45 0.169 0.460
Trip purpose work 0.302 1.510
Frequent user 0.296 0.980
Very large stations (Type 1) 0.304 1.820
LV – general attitude toward cycling (LVatt) 0.421 2.630
Mean 5.340 13.410
Standard Deviation 0.430 6.180
LV – Perception of train station connectivity (LVconn)
Very large stations (Type 1) 0.982 6.520
Trip purpose recreational 0.492 2.350
Mean 6.830 78.920
Standard Deviation 0.159 2.270
LV – General attitude toward cycling (LVatt)
Age > 45 3.040 22.540
Frequent user 2.420 17.600
Very large stations (Type 1) 1.390 6.270
Standard Deviation 0.628 8.190
Measurement equations Value Robust t-test
LV – Perception of cycling infrastructures
LV Coefficient Indicator N 2 0.914 29.680
LV Coefficient Indicator N 3 0.735 16.710
LV Coefficient Indicator N 4 0.863 22.060
Constant Indicator N2 0.421 1.950
Constant Indicator N 3 1.440 4.760
Constant Indicator N 4 0.983 3.590
Standard Deviation Indicator N 1 0.230 3.870
(continued)
6 L. LA PAIX ET AL.
LVinfraq ¼ ainfra þ dinfraAinfraq þ dattLVattq þ xinfraq
¼ LV_
infra
q þ xinfraq
Moreover, The latent attitude toward cycling (LVatt) is
included in LVinfra, and it is specified as follows:
LVattq ¼ aatt þ dattAattq þ xattq ¼ LV
_ att
q þ xattq
Where a and x are the means and the standard devia-
tions of the LVr, (r¼ conn,infra, att), with att normalized to
1 for identification, and As are vectors that include sociode-
mographic characteristics and whether respondents are fre-
quent users or not, with d the respective coefficients.
The latent
The 11-factor loadings described in Table 2 were used as
indicators of the latent variables and are linked to them
with the following measurement equations:
Irqk ¼ crk þ frkLVrqðArqÞ þ trqk (2)
Where k¼ 4 for the perception of the infrastructure,
k¼ 4 for the perception of the connectivity and k¼ 3 for
the general attitude toward cycling. Iqk is the k-th indicator
for the r latent variable, ck is the intersect, fk is the coeffi-
cient associated to the latent variable (c and f are
normalized to zero and one for the first indicator, for identi-
fication purpose), and tqk is an error term distributed
Normal with zero mean and standard deviation rt.
The conditional probability to choose the sequence of
choices (jt) is given by the product over the T choice tasks
of multinomial logit probabilities, which are conditional on
the realization of the LV and gPqjðLVqðxq, gqÞÞ ¼Q
t¼1, :::,TPqjt ðLVqðxqÞ, gqÞZ: The distributions of the latent
variable and the indicators are respectively:
fLVðLVrqÞ ¼
1
rxr
/
LVrq  LV
_ r
q
rxr
 !
;
fIðIrqkÞ ¼
1
rtrk
/
Irqk  crk  frkLV
_ r
q
rtrk
0
@
1
A
(3)
The unconditional choice probabilities are given by:
Pqj ¼
ð
x, g
PqjðLVqðxqÞ, gqÞfLVðxqÞfIðLVqðxqÞÞ f ðxÞf ðgÞdxdg
(4)
Models are estimated by maximum likelihood estimation,
using PythonBiogeme (Bierlaire & Fetiarison, 2009). The
Table 3. Continued.
Latent Variable Model (LV)
HCM
Structural equations Value Robust t-test
Standard Deviation Indicator N 2 0.164 2.240
Standard Deviation Indicator N 3 0.373 11.390
Standard Deviation Indicator N 4 0.080 1.700
LV – Perception of train station connectivity
LV Coefficient Indicator N 2 1.040 16.210
LV Coefficient Indicator N 3 1.070 22.970
LV Coefficient Indicator N 4 1.130 13.400
Constant Indicator N 2 0.647 1.360
Constant Indicator N 3 0.475 1.360
Constant Indicator N 4 2.660 4.270
Standard Deviation Indicator N 1 0.047 0.800
Standard Deviation Indicator N 2 0.181 3.790
Standard Deviation Indicator N 3 0.016 0.310
Standard Deviation Indicator N 4 0.596 20.490
Latent Variable Model (LV)
HCM
Structural equations Value t-test
LV – General attitude toward cycling
LV Coefficient Indicator N 2 0.260 3.200
LV Coefficient Indicator N 3 0.326 4.020
Constant Indicator N 2 3.150 9.680
Constant Indicator N 3 2.470 7.500
Standard Deviation Indicator N 1 0.211 1.560
Standard Deviation Indicator N 2 0.221 3.790
Standard Deviation Indicator N 3 0.210 3.640
Statistics ML HCM
# of draws 1000 1000
# of coefficients estimated 33 77
Sample size 8175 8175
Final log-likelihood 5698 22447
AKAIKE 11416 45047
BIC 11648 45587
aReported that used train in the most recent trip , retrieved from the RP questionnaire
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Modified Latin Hypercube Sampling (MLHS) was used to
simulate random distributions.
4. Quantitative analysis and model results
Table 3 shows the results for the best hybrid choice (HCM)
estimated and the corresponding standard discrete choice
mixed logit (ML) model, estimated as reference. The models
show that all the variables included are significant and with
the expected signs. In general, as expected, any delays in the
bicycle or walk accessibility of the train station, due to traf-
fic lights or other forms of interruptions, have a significant
negative impact in the probability to use the bicycle or walk.
However, the marginal impact of the delay is no linear and
increases with the length of the delay. More interestingly,
the models show significant systematic heterogeneity in the
individuals’ preferences (measured in Table 4 as a variation
from the main effect) depending on whether respondents
are current users of the train and on how frequently they
use the departure train station declared in the RP survey. In
particular, as expected, frequent users have a higher mar-
ginal disutility for the cost of bicycle parking7 and, for any
delays. While these frequent users care less about changes in
travel time to access the train station (see Table 4).
Furthermore, infrequent train users (multiple trips per
month) are more sensitive to improvements in the access/
egress from the station compared to occasional users (one
trip per year or less). This result is in line with Wardman
and Tyler (2000).
Interestingly, the marginal utility for travel time by
bicycle is positive for frequent users. There is significant lit-
erature on the positive marginal utility of travel time and
what could be the cause of it. For example, Ory and
Mokhtarian (2005) found that people might enjoy traveling
for several reasons, including multitasking, or only happi-
ness or satisfaction during travel. In the particular case of
cycling, the reason can also be the combination of cycling as
a mean of transport, mean of sport, health effects. A study
shows that 96% of commuters considered that they multi-
tasked when cycling, as traveling while exercising (Circella,
Salgado, Mokhtarian, & Diana, 2015). Bassett et al. (2008)
found that countries with the highest levels of active trans-
portation (walking, cycling, and public transport) generally
had the lowest obesity rates. While, De Vos et al. (2016)
found that active travelers perceive higher levels of travel
satisfaction compared to other travelers, which support the
statement that bicycle users get satisfaction from cycling
(e.g., attracted by healthy lifestyles) beyond being simple
transport modes.
We also found a strong inertia effect among (RP) train
users. The inertia-train is a dummy variable that takes the
value one if the respondent in the RP data has chosen train
as the main mode, 0 otherwise. Since the variable is
included in the alternative no-train, the negative effect indi-
cates inertia in choosing train (i.e., all the SP alternatives
that are feeder modes to train, except no-train). Results indi-
cate that respondents might change feeder modes, but they
tend to stick with the train as the main mode, at least under
the different access/egress scenarios presented in the SP
experiments. Finally, we note that train connectivity has dis-
utility because it is included in the no-train alternative. If
the train connectivity is high, then the probability of choos-
ing “no-train” at all is lower.
Regarding the (latent) effect of attitudes and perceptions,
results confirm our assumption that a general attitude
toward cycling affects positively the perception that users
have about the quality of cycling infrastructure. Namely, the
higher the individual’s attitude toward cycling, the more
positive is the perception they have of the quality of cycling
infrastructure. This perception affects the probability to
choose the bicycle, the better the perception of the quality
of the cycling infrastructure, the higher the probability to
choose to bicycle to the train station (the attribute
Perception of Bicycle infrastructures (LVinfra) that is
included in the utility of bicycle is in fact positive and sig-
nificant at 99% with a t-test > 2.57). The perception of the
level of the connectivity (LVconn) of the train station influ-
ences instead the probability to choose traveling by train,
independently on the feeder mode used. This is because the
latent variable (LVconn) is included in the alternative “No
train” and its impact is negative and significant at 99%. As
expected, the bigger the train station, the more positive is
the perception of the level of the connectivity.
Moreover, as implicit in the assumed model structure,
users traveling for leisure also have a more positive percep-
tion of the connectivity. However, in this latter case, we are
not sure about the causality, as it can be that users choose
to travel by train (as the main mode) for leisure activities
Table 4. Marginal (dis)utilities for users’ categories (HCM).
No Usersa
Users
Infrequent Frequent
Parking Cost - Bicycle 1.980 1.980 3.590
2min walking delay at a traffic light - Walk 0.960 0.960 0.960
5min walking delay at a traffic light - Walk 0.484 0.484 1.514
5min cycling delay due to interruptions - Bicycle 0.543 0.543 3.693
2min walking delay from bicycle park to the platform - Bicycle 1.141 0.167 1.737
5min walking delay from bicycle park to the platform - Bicycle 1.240 1.240 1.240
Travel time – Bicycle 0.136 0.262 0.027
Walking time – Walk 0.329 0.403 0.309
aThose who did not travel by train in the most recent trip (retrieve from the RP questionnaire)
7The total monthly cost paid by frequent users is higher than that of the
infrequent users, which means that the proportion of available monthly
income spent on travelling is also higher. If the marginal utility of cost varies
with the cost spent on transport, this is an indication of potential income
effect (Jara-Dıaz & Videla, 1989).
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because the train station is highly connected, or because
they perceive it as such. Our results show also that frequent
users of the train have an overall attitude toward cycling
higher than infrequent users, and also a higher perception
of the bicycle infrastructure, due to the positive impact of
an attitude toward cycling to the perception of bicycle infra-
structure. “Very large” train stations have a positive effect
on the overall perception of train station connectivity, but
this effect is not necessarily due to the bicycle infrastructure,
where the impact of larger stations is negative.
For comparison, we have tested the impact of the latent
attitude toward cycling directly in the utility of cycling. We
found that, when this was the only latent effect included in
the model, it was significant at 95% and, as expected, posi-
tive. However, it becomes not significant and changes sign
when we added the latent effect of the perception of the
quality infrastructure, confirming some interaction effect
between these two latent variables. We also tested if the
effect of the perception of cycling infrastructure on the
latent attitude toward cycling was a moderating effect8
rather than a mediating effect. Results confirmed that only
the mediating effect was significant.
Finally, we note that the HCM was also estimated includ-
ing all the sociodemographic and travel-related variables
that explain the latent effect also summed in the utility of
the alternatives bicycle and no-train. Results showed that all
the sociodemographic variables included in the LVs were
still highly significant, while the same variables added in the
utility functions were not significant, except for the impact
of larger stations in the utility of bicycle.
Figure 3. Simulated probability of choosing the bicycle as a feeder mode to the train station in 2 scenarios: without and with 5minutes delay due to interruptions.
Figure 4. Simulated probability of choosing the bicycle as a feeder mode to the train station in 3 scenarios: without and with 2 and 5minutes delay from the
bicycle parking space to the platform.
8It means that the latent variable explains another latent variable, but it does
not affect the strength of the first (LV).
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5. Model application
In order to test the impact of changes in cycling infrastruc-
ture on the choice of cycling as feeder mode, we computed
the probability of using a bicycle as a feeder mode to the
train stations in five scenarios. Figure 3 illustrates the proba-
bilities in the two scenarios without and with 5min cycling
delay due to interruptions. Figure 4 illustrates the probabil-
ities in the three scenarios without and with 2min and
5min walking delay from the bicycle park to the platform. All
the scenarios tested correspond to the levels used in the SP
design for the observed characteristics of the cycling infra-
structure at the train stations. Probabilities are computed
using both the mixed logit model (ML) and the hybrid
choice model (HCM). The comparison between the results
from these model structures allows assessing the impact of
the latent perceptions and attitude toward cycling. The
probability in the HCM is computed for each observation,
simulating the distribution of the latent variables, and then
aggregating the individual simulated probability.
For the typical level-of-service (LOS) attributes, time and
cost, since these are continuous variables, we computed the
direct (DE) and cross elasticity (CE) of the demand for
cycling to the train station as follows:
DEbikeLOS ¼
@Pbike
@LOSbike
 LOSbike
Pbike
CEbikeLOS ¼
@Pj
@LOSbike
 LOSbike
Pj
8j 6¼ bike;
LOS ¼ fCost,Timeg
(5)
Figures 5 and 6 illustrates the direct and cross-elasticity
concerning time and cost as well as a comparison between
the elasticity computed with the ML and with the HCM.
Elasticities in the HCM are computed simulating the distri-
bution of the latent variables and then aggregating across
individuals.
Looking at the simulated probabilities in the five scen-
arios (Figures 3 and 4) two effects are worth mentioning as
they have a crucial implication for policy intervention. The
first one is the difference in the simulated probabilities
between the ML and the HCM. The probabilities of using
bicycle simulated with the ML are on average 12% higher
than the probability simulated with the HCM, with differen-
ces up to 25% for people younger than 45 in the scenario
5min cycling delay due to interruptions. Since the HCM is
superior to the ML model, disregarding the impact of latent
effects would result in overestimating the increase of the
demand as a consequence of an improvement in the cycling
infrastructure. The second effect worth noting is the differ-
ent response among groups. Remarkable is the difference
between the current train-users and non-users. These latter
are much more sensitive to a reduction in the delay due to
interruptions than current users. Figure 3 shows that the
HCM predicts that removing 5minutes delay caused by
interruptions on the route to the train station would result
in a 27% relative increase (from 41% to 57%) in bicycle use
among (current) train users and a 39%9 more chance that a
(current) no-user to access by bicycle to the station. This
result means that interventions that reduce or remove inter-
ruptions on the route to the train station can be particularly
Figure 5. Direct and cross-elasticity of the demand for cycling as feeder mode, concerning the cost of parking the bicycle (x-axis explained in upper figure).
9Calculated as the relative difference between 48% probability in the no-users
category in the elasticity of ‘none’ versus 78% estimated probability in the no-
users category in the elasticity of ‘5min
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useful to stimulate no-train users to cycle to the
train station.
The impact of delays on the cycling route to the train sta-
tion is more significant than any other delay within the train
station, even when the amount of time lost is the same (e.g.,
5minutes). The category most affected are frequent users.
Figures 3 and 4 show that the probability to bicycle to the
train station among frequent users is (relatively) 35% lower
if there is a 5-min delay on the road due to interruptions
(36%) compared to a 5-min delay from the parking to the
platform (56%).
The analysis of the direct and cross-elasticity (Figures 5
and 6) confirms the significant difference among categories
of people also concerning to changes in travel time and cost,
as well as differences between HCM and ML, though less
pronounced than for the observed characteristics of the
cycling infrastructure.
Figures 5 shows that frequent users are much more sensi-
tive to a change in both parking cost and time than infre-
quent users., e.g., according to the HCM, the demand
among frequent users is 40% more elastic to a change in
cost than the demand of infrequent users. This value is
obtained as the relative difference between -1.38 (direct elas-
ticity of parking cost for frequent user) and -0.82 (direct
elasticity of parking cost for no frequent user). This result is
expected because the more we use a service, the more we
are affected by its cost. Nevertheless, this is a significant
result to design parking policies, as it suggests that for
example, a discount for subscriptions to monthly or yearly
bicycle parking slots could be an effective measure to
increase the demand of frequent users. Similarly, the results
pointed out an issue of unavailability of bicycle slots, which
means that policy of (improving) bicycle share system can
be implemented. This result is in line with (Tang et al.,
2018) who identified an optimal size of bicycle pools of
bikeshare systems in multimodal transportation. In the
Netherlands, a public bicycle system is in place (OV-fiets)
with a payment method linked to the public transport card.
In line with the discussion we had in the modeling
results, the elasticity of the demand to travel time (Figure 6)
is positive for frequent users, who probably value the side-
benefit (e.g., on health, environment) of using the train and
cycling to the metro station. This result might also suggest
that a campaign to make travelers more aware of the health
benefits of cycling could be more effective than interven-
tions aimed at reducing travel time. However, the relation
between cycling and health needs to be individually tested
to validate this conclusion. Results also show that people
aged 45 or older are slightly less sensitive to cost than
younger people (probably they have higher income), but
they are much more sensitive to travel time by bicycle to
the train station. If travel time increases, they are twice as
much more likely to change transport mode than those aged
less than 45. In general, the results show that both costs and
distance to bicycle parking are the most critical observed
factors on bicycle access choice to train stations.
6. Conclusions
In this paper we examined the contribution of latent factors
(of cycling infrastructure) in the choice of the bicycle as a
feeder mode to access train stations. The results show that
both the quality of cycling infrastructure and latent factors,
Figure 6. Direct and cross-elasticity of the demand for cycling as feeder mode, for the travel time to the train station by bicycle (x-axis explained in upper figure).
INTERNATIONAL JOURNAL OF SUSTAINABLE TRANSPORTATION 11
describing the perceived quality of cycling infrastructure,
station connectivity and the general attitude toward cycling,
have a significant impact on cycling to the station.
Improving the quality of bicycle infrastructure on the route
to the train station seems more effective than improving the
walking infrastructure within the train station from the
bicycle parking to the platform. However, the effect of these
characteristics is different depending on the perceived qual-
ity of the infrastructure, as well as the attitude toward
cycling. The consequence of this result is that disregarding
the impact of latent factors would result in overestimating
the increase of the demand as a consequence of an improve-
ment in the cycling infrastructure. Moreover, travel time
impacts (on mode choice) are substantially affected by the
attitudes toward cycling and station connectivity.
Furthermore, a policy-relevant result is that delays on the
cycling route to the train station are considered to be more
relevant than the delay within the train station, in particular
among frequent train users. The probability to cycle to the
train station among frequent users is 35% less if there is a
5-min delay on the road due to interruptions compared to a
5-min delay from the parking to the platform.
Moreover, our results highlight specific user segments
that are more prone to change their access mode resulting
from changes in perceptions. For example, frequent users of
trains have a more positive attitude toward cycling (per-
ceived as environmentally friendly and relaxing). A more
positive attitude toward cycling affects the perception of
cycling infrastructure and in turn, the probability of using
the bicycle as feeder mode. However, from our (cross-sec-
tion) survey, the direction of causality cannot be established.
It might also be that people with a more positive attitude
toward cycling also are more likely to be a frequent train
user. Those who reported a recent trip by a mode different
than train (no-users) seem relatively sensitive to interrup-
tions on the route to the train station, so interventions that
reduce or remove these interruptions can be particularly
useful to stimulate cycling as a feeder mode for that group.
As a direction for future research, a repetition of the survey
with the same respondent group would be interesting to ver-
ify stability in latent factors and if changes in latent factors
influence feeder mode choice more strongly or the reverse
effect is stronger than the first one. In a recent panel study
for the Netherlands (e.g., Kroesen et al., 2017), the effects of
mode choice on attitudes were found to be much larger
than vice versa. However, identifying causality between atti-
tudes and behavior is still a key challenge in travel behavior
research. Moreover, the (possible) causal relation from (spe-
cific) behavior to (specific) attitude is stronger than the
opposite effect (Kroesen & Chorus, 2018).And, according to
Chorus and Kroesen (2014) when a latent variable is mod-
eled as a function of covariates such as socio-economic vari-
ables or attributes of alternatives, the HCM can be used to
forecast the effects of policies that target these covariates
and as such indirectly impact the latent variable. Future
research could be directed at examining the impact of policy
measures (e.g. investments in bicycle facilities or bicycle
sharing schemes) on changes in mobility over time using
longitudinal data.
Finally, in this paper we examined the role of the bicycle
as a feeder for the train in the wider metropolitan area of
Rotterdam and The Hague, and we did not include the
bicycle as feeder for other public transport modes. Shelat
et al. (2018) found that 17% of public transport trips with
the bicycle as a feeder mode in the Netherlands have bus,
tram or metro as the main mode, based on data from the
Dutch national travel survey for the period 2010-2015. In
recent years the role of the bicycle as a feeder mode for bus,
tram and metro is growing. The public bicycle sharing sys-
tem OV-fiets expanded their operations to several metro sta-
tions in the Rotterdam-the Hague Area and the local public
transport operator in the Hague started a bicycle sharing
program (HTM bike) in 2019. Future research on the bicycle
as a feeder mode in the Netherlands should be directed at
the role of the bicycle for all public transport modes, and
the impact on public transport use and mode choice within
public transport.
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Appendix
Table A1 presents sample and population characteristics for the wider
Rotterdam – The Hague metropolitan area. We obtained this table
from the 2011 Netherlands Railways (NS) Customer Satisfaction Survey
(KTO), which includes information on train trips, access, and egress
modes and contains 4600 observations for the year 2011. In 2011, 35%
of access journeys in the area took place by bicycle, and 13% of the
journeys at the destination were by bicycle. In our sample of 1524, the
bicycle share is relatively low, in particular for egress journeys; this is
mainly explained by the relatively low proportion of students in
our sample.
Table A1. Descriptive statistics of the wider Rotterdam – The Hague metropol-
itan area (source: Population data from NS Customer Satisfaction Survey 2011).
Description Population Sample
Gender: ratio male/female (%) 46/54 49/50
Mean age 52 35
Maximum age 92 88
Frequency of traveling by train (%)
Frequent 81% 33%
Infrequent 19% 54%
Never 0% 14%
Access mode (%)
Auto driver 8% 10%
Auto passenger 9% 8%
Bus/tram/metro 25% 30%
Bicycle 35% 27%
Walking 20% 25%
Other 3% 1%
Trip purpose (% share)
Work 59% 49%
Business 7% 5%
School/study 20% 5%
Other 7% 12%
Egress mode (% share)
Auto driver 2% 7%
Auto passenger 5% 1%
Bus/tram/metro (BTM) 27% 24%
Bicycle 13% 5%
Walking 50% 60%
Other 3% 4%
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